Abstract. This study evaluates the efficiency of rural health centers in Rwanda in delivering the three key human immunodeficiency virus/acquired immunodeficiency syndrome services: antiretroviral treatment, prevention of mother-to-child transmission, and voluntary counseling and testing using data envelopment analysis, and assesses the impact of community-based health insurance (CBHI) and performance-based financing on improving the delivery of the three services. Results show that health centers average efficiency of 78%, and despite the observed variation, the performance increased by 15.6% from 2006 through 2007. When the services are examined separately, each 1% growth of CBHI use was associated with 3.7% more prevention of mother-to-child transmission and 2.5% more voluntary counseling and testing services. Although more health centers would have been needed to evaluate performance-based financing, we found that high use of CBHI in Rwanda was an important contributor to improving human immunodeficiency virus/acquired immunodeficiency syndrome services in rural health centers in Rwanda.
INTRODUCTION
Human immunodeficiency virus/acquired Immunodeficiency syndrome (HIV/AIDS) is endemic worldwide. In 2008 when this study began, 2.7 million new HIV infections occurred, 2.0 million persons died, and 33.4 million persons were living with HIV infections worldwide. 1 To address this epidemic, the international community has mounted a substantial response. In 2009, 5.25 million persons accessed life-prolonging antiretroviral therapy (ART), up 1.2 million from 2008. However, the Joint United Nations Programme on HIV/AIDS (UNAIDS) estimated a $10 billion shortfall to meet universal access and noted the need "to enhance the efficiency of programs" and to build "systems for a sustainable response." 2 To address this financial concern for HIV/AIDS, it is important to understand the efficiency of HIV/AIDS programs and the impact of innovative health policies on use of key HIV/AIDS services. The response to HIV/AIDS in Rwanda, where seroprevalence is 2.67%, 3 provides an opportunity for such evaluation. The Rwandan government has enacted numerous policies to reshape and restructure the health delivery system. Rwandan health officials understood that effective health care systems were fundamental in providing quality services for populations in need and were critical in addressing the formidable challenges of HIV/AIDS and other diseases. 4 Of all policies implemented, performancebased financing (PBF) and community-based health insurance (CBHI) are the most notable.
The PBF started in 2002 and sought to encourage the provision of key health services by rewarding productive health centers. In doing so, policy makers are hoping that health centers would be motivated to deliver more essential medical services, such as HIV/AIDS counseling, facility-based deliveries, and vaccinations. The PBF was implemented first as a pilot study, then expanded to 74 health centers in 2005 and to 85 health centers in 2006. 5 The government has since expanded it nationally. Key HIV/AIDS services, including voluntary counseling and testing (VCT), prevention of mother-to-child transmission (PMTCT), and ART for AIDS patients, are among the incentivized indicators. 6 With incentives, use of HIV/AIDS services was expected to increase as health facilities sought to gain more revenues by providing more of those services.
In addition to providing incentives to providers using PBF, Rwanda also launched CBHI in an effort to increase the demand for health services at nearly the same time as PBF was implemented. The CBHI increases the involvement of communities in solving health-related issues through community-based programs and reduces consumers' out-of-pocket payment for health services. 7 According to administrative data, by 2008, 85% of the Rwandan population was covered by CBHI. 8 A 2010 household survey estimated coverage at 68%, 9 and both rates represented substantial increases over earlier years.
Although free of charge, use of HIV/AIDS services could be improved from demand-side incentives through several possible mechanisms, First, CBHI increases the demand for primary care, which improves the use of HIV/AIDS services because of increasing integration of maternal and child services (e.g., prenatal care) with HIV/AIDS services (e.g., PMTCT). Second, the improved quality of services from PBF could also attract patients to use HIV/AIDS services. Third, more regular contacts with health providers because of lower treatment expenditure could increase awareness of using HIV/AIDS services.
Despite several evaluations of these policies in Rwanda, [4] [5] [6] 10, 11 several gaps remain. First, the previous studies rarely took inputs (i.e., expenses of health facilities) into consideration when evaluating these two policies. By including inputs in the evaluation, the study can assess whether and how these policies improve the efficiency of health service delivery. 12, 13 Second, some previous evaluations at the national level were unable to distinguish the effects of each of these two policies from each other. 5, 10, 11 Because PBF and CBHI were implemented almost simultaneously in Rwanda, an evaluation of one policy will often overstate its effectiveness if the other one is omitted.
In this study, we use the data collected at 26 rural health centers in Rwanda to 1) evaluate the efficiency of each health center in providing HIV/AIDS services and 2) examine and separate the impact of PBF and CBHI on HIV/AIDS service delivery with multivariate analyses. We selected services for HIV/AIDS as the focus for this study because of this condition's prominence among health problems in Rwanda and relatively good availability of data.
MATERIALS AND METHODS
Selection of health centers. The number of health centers providing HIV/AIDS services in Rwanda has increased steadily to improve the geographic accessibility for the AIDS-affected population. The evolution of the number of health centers delivering ART services during January 2003-January 2007 are shown in Figure 1 . The 90 health centers providing ART services in 2007 constitute our study population.
To analyze the evolving delivery of HIV/AIDS services, we stratified HIV/AIDS health centers based on their starting date of ART. We selected all six rural health centers that started ART services during October 2003-June 2005, and randomly selected 20 of the 38 health centers that began ART services in 2006 for a total sample of 26 rural health centers. This overall sample, planned jointly with a parallel study 14 constituted 59% of eligible health centers. Measurements and data collection. We followed a classical framework of economic analysis of efficiency using data envelopment analysis 15 with direct inputs and outputs. The inputs of production of HIV/AIDS services included personnel and non-personnel HIV/AIDS spending.
Number of personnel. We obtained a personnel list from each health center and directly asked employees who were still working there to allocate their time between work on HIV/AIDS services and non-HIV/AIDS services. For staff no longer at the health center, we asked the director to estimate their time allocation between AIDS and non-AIDS services, augmented by recalls from their former colleagues still working in the health center. Based on the time allocations, we divided the number of full-time equivalent (FTE) personnel into two categories: number of FTE for HIV/AIDS services, and number of FTE for non-HIV/AIDS services.
Non-personnel HIV/AIDS spending. To derive this spending, we first calculated the total revenue in each health center by summing up the revenue from CBHI, the revenue from patients' out-of-pocket payments to the health center, and the annualized monetary value of various donated goods (e.g., drugs and test kits) and devices. We assumed that the health center had a balanced budget (the total expenditure equaled the total revenue) because it generally must over the long run as a government or non-profit entity. We then subtracted personnel salaries from the total revenue to obtain non-personnel expenses. To estimate the non-personnel expenses specific for HIV/AIDS services, we separated the donated goods for HIV/AIDS services only (e.g., antiretroviral drugs and rapid HIV/AIDS test reagents) from those for general medical services, which could be spent on HIV/AIDS and non-HIV/AIDS services. We used the ratio of HIV/AIDS personnel to total personnel to allocate the non-personnel expenses for general medical services. Thus, the non-personnel HIV/AIDS spending was calculated as the sum of the annualized monetary value of donated goods only for HIV/AIDS services and the portion of non-personnel general cost attributed to HIV/AIDS services. All expenses and revenues were first expressed in current Rwandan Francs (RWF) in the year of the transaction and then converted to 2008 RWF by adjusting for inflation.
The outputs for this study included the number of clients receiving VCT services; the number of participants in prevention of mother-to-child transmission (i.e., the number of pregnant women and their partners receiving testing and counseling for HIV (PMTCT); and the number of AIDS patients receiving ART. Data on PMTCT and VCT services were collected from health centers. To reduce recall bias, we collected the information on PMTCT and VCT on a quarterly basis and imputed it to a yearly quantity if the health center began offering ART before July 1 of the designated year. The variable showing the number of HIV+ pregnant women initiating ART treatment could also serve as a measure of PMTCT services. Because of the high correlation between numbers of pregnant women initiating ART and the number of pregnant women receiving testing and counseling (correlation coefficient = 0.78, P 0.001), we selected the latter indicator, which had more complete data, as the proxy for measuring PMTCT in this study. For health centers that started ART after July 1 of the year, that year was removed from the analysis. Although we collected the number of visits of AIDS patients for ART quarterly, for consistency with international standards, we instead used the number of patients receiving ART obtained from the government agency managing HIV/AIDS services, the Treatment Research AIDS Center as the indicator measuring the quantity of ART services. We calculated the annual average number of patients on ART by averaging the monthly reported numbers.
To examine the impact of the two policies (PBF and CBHI) on HIV/AIDS service delivery, we included measures of the two policies.
PBF phase. The implementation of PBF among health centers in Rwanda occurred in phases. The PBF was first launched in 2002 by international non-governmental organizations. 16 In 2006, the World Bank initiated a larger pilot experiment, 6 under which participating health centers were randomly assigned to phase 1 or 2. Those in phase 1 were paid based on the volume and the quality of a list of services provided, and those in phase 2, serving as control sites, received a fixed amount of incentive payment. The remaining health centers received no payment (phase 0). Use rate of CBHI. Because coverage of the catchment area of each health center by CBHI was not generally documented, we instead calculated a proxy, termed the CBHI use rate. We collected the revenue data from CBHI (the CBHI payments for services received by members) in each health center in RWFs. The proxy, which approximates the share of population using CBHI funding to pay for health care services, was calculated as [revenue from CBHI]/[CBHI premium]/population of catchment areas of the health center.
Most data required for the analysis were collected through a semi-constructed questionnaire designed by the research team. Trained field researchers collected the data at health centers and conducted interviews with administrators of the health center.
If we had excluded all observations with any missing data, we would have greatly reduced the statistical power of the analysis. Instead, we imputed missing values, approximately 2% of total data, by replacing them by the mean of corresponding numbers from two observations for which all other known information matched closest to that for the one with missing values, a hot deck procedure. 17 Statistical methods. Data envelopment analysis. We used a traditional data envelopment analysis (DEA) model and the DEA/Malmquist model to evaluate the efficiency of health centers. Because DEA/Malmaquist requires strictly balanced data, we used only data from 2006 and 2007 for both DEA models. Performance was defined as the ratio of weighted outputs to weighted inputs. Our traditional DEA approach evaluated how efficiently each health center delivered HIV/ AIDS services compared with the best health centers in our study sample in the same year. It used an output-oriented DEA model developed by Charnes and others (Banker, Charnes, and Cooper evaluation) with variable return to scale. 18 Unlike conventional parametric approaches, DEA is capable of modeling production with multiple inputs and multiple outputs by comparing each decision making unit to a production frontier defined by the best performers from data, and it has been applied in many settings to evaluate the performance of various types of organizations and programs. [19] [20] [21] [22] [23] As mentioned above, the inputs were the number of FTE and non-personnel HIV/AIDS expenditures, and the outputs were the quantities of the three HIV/AIDS services. The outputoriented DEA model calculated an efficiency score for each health center in delivering HIV/AIDS services in 2006 and 2007 separately.
Using the same inputs and outputs, the DEA/Malmquist analysis 24, 25 was applied to estimate the change in efficiency for health centers from 2006 and 2007. Because we had two years of data, there were separate production frontiers for each year. The DEA/Malmquist analysis provides estimates for three components of change. The technical change captures the effect of the shift of production frontiers (frontier shift effect). The technical efficiency change measures the ability of decision making unit to catch up on the shift of production frontiers (catch-up effect) by comparing the efficiency of that unit over the two years when the efficiency is calculated using the production frontier in the same year to which data refer. The total factor productivity change measures the overall efficiency change, which is the product of the technical change by the technical efficiency change. If a specific index is 1, then the corresponding component increased in efficiency. In contrast, a number 1 denotes a decrease in that efficiency. 24, 25 Regression analysis. To understand the impact of these two policies on providing the three services separately, we used the classic framework of a Cobb-Douglas production function allowing only one output to be analyzed at a time,
where Y represents product (output), L labor input, K capital input, and M other factors. Applying this framework specifically to this study, the model can be written as Both fixed-effects and random-effects models were conducted and the results were compared by using the Hausman test. We report results only from the fixed-effects model because the Hausman test showed a statistically significant difference (P 0.05) in coefficients between the fixed and random effects models, suggesting that the fixed-effects model is more appropriate. In addition, the fixed-effects models help resolve the measurement challenges of using the CBHI use rate as a proxy for CBHI coverage by health center because the fixedeffects models consider only the within-variation in each health center.
RESULTS
Descriptive analysis. Key variables for the analysis of 2006-2007 data are summarized in Table 1 . Consistent with the Rwandan national statistics, 26 we found that all the health centers in the study had revenue data available from CBHI in 2006 and 2007. The CBHI use rate varied among catchment areas. Across all health centers in our data set, the CBHI use rate increased from 31.71% in 2006 to 40.30% in 2007; these rates are consistent with the increasing trend in CBHI coverage over the period from household surveys and aggregate administrative data. 8, 9 Similarly, PBF also expanded during the study period. Seventy-seven percent of the health centers in the study had implemented PBF by 2006; by 2007, all the health centers had either phase 1 or phase 2 PBF. We also found that both inputs (the number of personnel and the amount of HIV/AIDS non-personnel spending) and outputs Performance of health centers varied widely (Table 2 ). In several health centers, Gisagara, Munzanga, Mwezi, Rwaza in 2006, and Gisagara, Kabuye, Karengera Munzanga, Rurenge, and Rwesero in 2007, the efficiency was 60%. We calculated the average efficiency score for these low-efficiency health centers and found that those health centers would provide at least 67% more AIDS services if they were fully efficient.
There were 58% When comparing crude average efficiency scores between 2006 and 2007, we might conclude that health centers had higher productivity in 2006 than 2007. However, this conclusion is not necessarily sound because the health centers were compared with different production frontiers. If a production frontier shifts outwards too far for some health centers to catch up, health centers may show a lower efficiency score but actually have higher productivity than the earlier year.
Data envelopment analysis/Malmquist evaluation. We used the DEA/Malmquist model to analyze efficiency changes over time. The magnitude of the technical change, technical efficiency change, and total productivity change (Malmquist index) for each health center and health centers as a whole are shown in Table 2 . The results show that from 2006 through 2007, the total productivity of delivering HIV/AIDS services in most health centers improved. The geometric mean of technical change was 1.557, indicating that the production frontier in 2007 moved outwards by 56% compared with that in 2006. The technical efficiency change (0.743) is 1, showing a decrease of 26% in the efficiency of health centers relative to their best peers in the same year because some health centers could not keep pace with the frontier shift. The total productivity index was 1.156, suggesting an increase of approximately 16% of total productivity of health centers over this period. Similar to the observations described above when evaluating the health centers separately for 2006 and 2007, the results from DEA/Malmquist analysis also indicated a great variation in efficiency changes. The overall efficiency change ranged from 0.474 (Muhura) to 4.722 (Rwankeli). Some health centers (e.g., Rwankeli and Kibilizi) improved their efficiency substantially.
Multiple regression analysis. The results shown in Table 3 indicate that CBHI tended to improve PMTCT and VCT services (P 0.10) but not ART services. Coefficients for the CBHI use rate of 0.037 on PMTCT and 0.025 on VCT mean that if the CBHI use rate increased by 1%, the number of pregnant women or their partners who had been tested for HIV and the number of persons who received VCT services would increase by 3.7% and 2.5%, respectively.
Comparison of these coefficients suggests that PMTCT services were more responsive to CBHI than VCT. Two reasons PERFORMANCE OF AIDS DELIVERY SERVICE IN RWANDA may explain this finding. First, pregnant women may increase their use of medical services as a result of lower co-payments because of CBHI. Second, all pregnant women attending health centers are required to be tested for HIV. The results show the contribution of CBHI in strengthening the linkage between maternal health services with HIV services.
The only service found to be significantly affected by PBF was PMTCT. The PBF was associated with an increase of PMTCT services by 87%. The coefficients of PBF for ART and VCT were 29.4% and 45.9%, respectively, but were not statistically significant. One factor was the limited variation in the independent variable: on average, 73% of the health centers were in phase 1 of PBF. The large coefficients imply that implementation of PBF is perhaps advancing towards one of its designated goals of improving HIV/AIDS services in Rwanda. Conversely, despite the large and positive magnitude, the absence of statistical significance for the coefficients of PBF for VCT and ART suggests a wide variation of performance among health centers after switching PBF status.
DISCUSSION
To our knowledge, this is the first study to measure the efficiency of health centers in delivering HIV/AIDS services in Rwanda. Several studies have examined the variation of the costs of delivering HIV/AIDS services in other countries. [27] [28] [29] The study found that health centers, on average, performed well overall in 2006 and 2007, and showed an average efficiency of 78%, but with great variation. Similar to findings in Sierra Leone, 30 Burkina Faso, 31 Zambia, 32 and Ghana, 33 our results suggest there is room for further enhancement of service delivery at the health center level in low-and middle-income countries. Inefficiency may be caused by improper allocation of resources, limited human resource capacity, inaccessibility of health services for remote populations, and low demand. 31 With limited resources for HIV/AIDS, strengthening and improving the efficiency of service delivery through complementary policies becomes increasingly imperative to address the dilemma that the HIV/ AIDS epidemic remains rampant while funding for HIV/ AIDS is decreasing.
We also found that the overall efficiency increased by 16% in 2007. Some health centers improved substantially over the two years, such as Kibilizi, Rwaza, and Rwankeli. Year 2006 was important in Rwanda because it marked the initiation of important health policies. Both CBHI and PBF were expanded to cover more population for better health. For all the three health centers, we observed a substantial increase of the CBHI use rate; Kibilizi increased from 38% to 84%, Rwaza from 62% to 71%, and Rwankeli from 10% to 57%. The limited data do not allow us to quantify determinants of efficiency improvement, but the consistency of increase of CBHI use rates in the three health centers with the most improvement suggests the potential association of CBHI and efficiency of HIV/AIDS service delivery.
The most convincing finding from this study is that CBHI had a significant and highly favorable impact on delivering HIV/AIDS services. Although ART, PMTCT, and VCT were provided free of charge in Rwanda, use of PMTCT and VCT, which was highly influenced by recommendations of providers, was improved by CBHI. Two factors are probably responsible. First, CBHI increases the health service use rate 14 and to have more contact with the health care system with all training and sensitization messages. For PMTCT, as all pregnant women receiving care are expected to be tested for HIV/AIDS, and CBHI indirectly improved use of PMTCT through increased use of health services (i.e., antenatal care) among pregnant women. Second, the increase of CBHI enrollment has helped increase the population's concern about their health and awareness of HIV/AIDS, encouraging persons to be tested for HIV/AIDS. 34 Because ART services are heavily dependent on the number of persons identified through VCT and PMTCT services, we expect that CBHI will increase ART in later years after it improves rates of PMTCT and VCT. The likely lag may explain why the effect of CBHI on ART in this study was not statistically significant.
The finding that CBHI increases the use of PMTCT and VCT suggests an alternative way to finance HIV/AIDS services efficiently and sustainably. Most funding from international donors, such as the Global Fund to Fight AIDS, Tuberculosis and Malaria and the U.S. President's Emergency Plan for AIDS Relief, are used to subsidize providers directly. Thus, most HIV/AIDS services such as ART, PMTCT, and VCT are provided for free of charge to the patient in many recipient countries. However, few programs have explored alternative ways to promote the use of AIDS services by subsidizing consumers rather than providers. Policy makers have debated whether subsidy on the demand or provider side is more efficient in increasing use of essential health services. This debate is more critical in settings where the high cost of HIV/AIDS services is still a barrier to seeking AIDS services, and when recipient countries can no longer rely heavily on international donors for funding HIV/AIDS services. The results of this study complement the growing evidence of the beneficial effect of demand side subsidy for health service delivery. 35 Given the finding that CBHI improves the efficiency of HIV/AIDS services, investing resources for health insurance would yield multifaceted benefits, not only relieving the resource constraints on HIV/AIDS with improved efficiency, 36 but also facilitating the services delivery with increased demand.
This study confirms that even in resource-limited countries, providing health insurance for the rural population is feasible and can greatly improve the accessibility of important HIV/ AIDS services such as PMTCT and VCT. The CBHI is advocated by the World Bank to finance health in many developing countries, but has failed in some countries. 37 The major reasons for the failure are weak management, poor quality *n = 156. Fixed-effects models were used. CBHI = community-based health insurance; PBF = performance-based financing; HIV/AIDS = human immunodeficiency virus/acquired immunodeficiency syndrome; ART = antiretroviral treatment; PMTCT = prevention of mother-to-child transmission; VCT = voluntary counseling and testing.
†P 0.10. ‡P 0.05. §P 0.01.
health services, and the small pool of resources to be mobilized. 35, 37 Strategically, Rwanda circumvents those barriers and has implemented CBHI with great success 38 by empowering communities through elected leaders in the management of CBHI at the health center level and taking local innovative strategies to reach agreed goals within a context of government decentralization, building capacity of the government and local communities in managing the insurance schemes and associating donors to support CBHI in a sustainable vision. The strong government and community involvement in CBHI in Rwanda have overcome the weaknesses often found in many other countries.
This study was not able to provide empirical evidence of the positive impact of PBF on use of VCT and ART. Although PBF has 10 indicators on HIV/AIDS in its evaluation list, the only substantial (and borderline significant) effect of PBF was on PMTCT, but not on ART or VCT. There are two possible reasons. First, the Rwanda government places high priority on maternal health and PMTCT, and a stronger incentive is given to PMTCT services than VCT services. For example, health centers receive $4.50 per visit for providing PMTCT services but only $0.90 for each VCT test. 39 Second, PMTCT, compared with ART, is naturally more responsive to incentives. The PMTCT used in this study represented the number of couples tested for HIV/AIDS. It involves every pregnant woman and probably several instances in a woman's lifetime. However, delivering ART has to be largely dependent on the number of diagnosed patients. Third, the most prominent effect of PBF might lie in the improvement of the quality rather than the quantity of services. 11 However, our available data did not contain any measures of quality of services. Fourth, despite favorable results reported elsewhere, 6 PBF may not be a sufficiently powerful intervention to be measurable in a small study 10 including ART and VCT. This study had several limitations. First, this study has a relative small sample size of 26 health centers, and possible low statistical power, given a wide variability among health centers in providing HIV/AIDS services and the number of covariates in the regression models. Examination of the effect of PBF on VCT and ART would have benefited from further examination with a larger sample size. Second, there are several measurement issues. The measurement of nonpersonnel expenditure on HIV/AIDS may have been imprecise. Because of data constraints, we could not directly collect the information on non-personnel expenditures specific for HIV/AIDS services. Instead, this expenditure was derived from the total revenue of the health center. For health centers that generated an operating surplus, we may have overestimated their expenses on HIV/AIDS, and thus underestimated their performance. Conversely, we might have underestimated the HIV/AIDS expenses for health centers with operating deficits and thus inflated their performance. Similarly, the imputed population for each catchment area was not precise to estimate the CBHI use rate. However, because most health centers were randomly selected, those measurements (e.g., non-personnel spending and population size) are less likely to present a systematic pattern. Therefore, our results are still valid. Third, some variables are omitted from the regression models. We included CBHI and PBF in modeling the service delivery and the efficiency. Additional factors, such as improved management, increased experience of staff, greater economies of scale, and better supply of drugs and test kits, probably affected the delivery of HIV/AIDS services in health centers. Because these factors may be correlated with CBHI and PBF, our results may overestimate the effectiveness of these two policies. However, for the efficiency estimation, we used a DEA model with variable returns to scale; thus, the scale effect has been incorporated. In addition, because our analysis examined the change in efficiency over time, rather than the level of efficiency, and many characteristics of health centers (e.g., ownership, economic situation where heath centers are located) did not change over time, possible biases from omitted variables were minimized.
